T ~ 90 eV. The ion temperature was measured with an ISP-51 spectrograph crossed with an
interferometer, and equaled Ti ~ 1 eV.

Lasing was effected in the described setup in the visible blue-green region at the
singly-ionized argon lines 4545, 4579, L609, 4658, 4880, 4965, 5017, and 5145 A. The mea-
sured divergence of the light beam did not exceed 40". The plasma parameters (electron and
ion temperature, density) were regulated by varying the beam parameters (current, energy)

and the pressure in the plasma chamber.

Figures 2 and 3 show respectively the emission inten- I, rel.un.
sity as functions of the beam current and of the pressure in 200
the plasma chamber. The maximum coherent-emission intensity
at 8 x 10'1” -2x10 0 m Hg (Fig. 3) coincides with the 150l
maximum intensity of the high-frequency oscillations excited
upon collective interaction between the electron beam and 100l
the plasma, and with the maximum of the electron and ion
temperature. This correlation is explained by the fact that 50k
the rise in the electron and ion temperatures is due to the
electric field excited as a result of the instability de-

rd
0 L 1 )| L1
4.]”-5 5.,”-4 104 11073210
velopment. The optimal value of the magnetic field inten- d ’@fzﬁgrr

sity on the plasma-chamber axis was 1.5 kOe. The duration

of the generation pulse at the 4880 A line was T = 30 usec,

Fig. 3. Intensity of co-
herent emission (in rela-
that the lasing was produced in tubes of 20 mm diameter, tive units) vs. pressure.

and the generation power did not change appreciably when tubes with larger diameters, up to

and the pulse power reached 100 W. It should be noted

85 mm, were used.

Our future investigations call for increasing the generation power, broadening the
range of generated lines, and a detailed investigation of the inversion mechanism in the
plasma-beam discharge.
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Results of experimental observation of the photoeffect on negative charges in ligquid
helium were recently published [1]. The plot of the photocurrent against the wavelength A
of the incident light consitutes a series of alternating mexima and minima, the positions

of which on the experimental curve agree with the theoretical calculations for an electron
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in a spherically-symmetrical fquare well, the depth of which is VO = 1.02 eV and whose radius
a lies between 21.0 and 21.4 A, However, the experimental curve has an "extra" maximum

(A = 1.28 u), located near the threshold of the photoeffect, whose magnitude is much more
sensitive to temperature changes than the other maxima; this maximum vanishes almost com-
pletely at T = 1.3°K. The authors of [1] propose to attribute the presence of this maximum
to the possibility of an electron transition with collapse of the bubble that is produced,

as is well known, around the electron in the helium. This explanation cannot be true, since
the probability of such a transition should be negligible, owing to the strong difference
between the frequencies corresponding to the electron transitions and the bubble-oscillation
frequencies, which differ by four orders of magnitude.

The true explanation is apparently as follows: The radius of the bubble is somewhat
smaller (the estimates were made for a = 20.3 K) and then, as seen from the theoretical
curve drawn in [1], there exists near the threshold of the photoeffect a2 maximum whose po-
sition coincides approximately with the position of the "extra" maximum on the experimental
curve. We shall show that with increasing temperature the radius of the bubble increases
and all the maxima and minima shift towards lower energies. The magnitude of the maximum
closest to the threshold should in this case decrease, for the cross section of the photo-
effect tends to zero when the threshold is approached. Numerical estimates offer evidence
in favor of such an explanation.

The bubble radius a is connected with the surface-tension coefficient of helium a
by the formula a,4 = h2§§/8nmu, where §l is the first root of the equation & cot &€ = -1,
n2 + §2 = 2mVOa2/h2, and in our case (VO = 1,02 eV, a = 20.3 A) §§ = 7.84, a decreases with
temperature in accordance with the law derived by Atkins [2]. Using this law and recog-

nizing that da/a = 48a/a, we have:

S 2/3T7/3

P
= 0,033 ———,
a K4/3 a&/s

Here p denotes the density of the helium in g/cm3 and T the temperature in ergs. When the
temperature is increased from 0.7 to 1.3°K we have ®a/a = 1.4k x 10'2, corresponding to an
increase of the bubble radius by 0.28 A.

The photocurrent is proportional to the cross section of the photoeffect on the
"electron inside the bubble" system. The cross section for the photoeffect on a charge in

a square potential well was calculated by Breit and Condon [3]:

Jomer o3 B e Gsinge /b ~coste)?

3 he n3(E+e)? ¢ (1+n1)[f;‘;_,,zEsinZEE+(yz/gEsinfewlecost)z]‘

The notation here is as follows: E - energy of the electron knocked out of the well; -€ -
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2 2

2,.2

and e, 1, ¢, and m are universal constants.

2 2
ground-state energy, ni = 2m€a2/ﬁ2, y = 2m(VO + e)ce/he, g = 2mEa2/h ,
The rate of change of the height of the maximum with varying well radius is char-
acterized by the derivative
do do0 do dEpax da
—_ = ) =( )
(da )Em ( E da E

ax a_;+ aE da max max

Calculations for the maximum closest to the threshold yield in our case the very large

quantity

When the radius changes by 0.28 A, we get &¢/0 =~ -1.1, i.e., the cross section changes by
an amount of the order of the cross section itself. The values of the other maxima are
less influenced by the change in radius; for the second maximum from the threshold (the

principal maximum) we have

1
o

i.e., 80/o = 0.11, and for the third maximum

1
o

50/0 = 0,16 at &a = 0,28 A. That is to say, both maxima increase slightly and are shifted
to the left - the second by 0.0k eV and the third by 0.06 ev.

A good check on the proposed explanation may be provided by experiments analogous to
[1], but with pressure applied. A pressure of 9.1 cm Hg would decrease the bubble radius
by an amount equal to the increase due to a temperature rise from 0.7 to 1.3°K, and the
maximum near the threshold should reappear.

We disregarded in our analysis the fluctuations of the bublle radius, although they
are quite large. If we assume that the bubble changes in volume, remaining spherical, then
we obtain for the radius fluctuations, from thermodynamic theory, T€§7§ = T/32 na at T = 1°K
and /(Ta)2 = 2.k x 1077 cm. This is approximately equal to the calculated temperature
expansion. However, allowance for the fluctuations does not greatly influence the result,
since the fluctuations lead to a change in the positions of the maxima of the cross section
only in second order in da/a, whereas the change in the equilibrium value of the radius
produces a first-order effect.

The line broadening due to the fluctuations of the radius will cause the minima of

the cross section to differ from zero, but their magnitude still remains very small. The
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ratio of the cross section at the 1.66 eV minimum to the section at the principal maximum
should be ~5 x 103at T = 1°K, and the ratio at the 2.48 eV minimum should be ~2 x 1073,

These ratios are much larger on the experimental curve.
The author is grateful to L. P. Pitaevskii for useful discussions.
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ERRATA
Article by P. I. Fomin, Vol. 6, No. 11, p. 373.
Detailed calculations (performed with V. I. Truten') have shown that the inequalities
(5) and (9), which are based on preliminary estimates, are incorrect, and they should be re-
placed by the equalities B = 3x/2 and 24
In spite of the vanishing of Z3, it is possible to obtain a finite renormalized charge

= 0. Equation (4) has thus a unique solution.

in the theory under consideration, unlike in [3], by letting the bare charge to to infinity.





